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The Geopo ten t i a l  Research Mission (GRM) is  designed t o  measure v a r i a t i o n s  
i n  t h e  g r a v i t y  and magnet ic  f i e l d  over t h e  e n t i r e  g lobe  t o  a r e s o l u t i o n  o f  100 
km w i t h  unprecedented completeness  and accuracy.  The miss ion  consists of two 
s a t e l l i t e s  a t  160 km a l t i t u d e  i n  po la r  o r b i t s .  

The most impor t an t  a p p l i c a t i o n  of these g r a v i t y  and magnet ic  measurements 
w i l l  be t o  t h e  s t u d y  o f  t h e  s t r u c t u r e  and e v o l u t i o n  o f  the  c o n t i n e n t s .  The 
miss ion  w i l l  g i v e  t h e  first comprehensive cove rage  o f  t h e  a r e a s  o f  g r e a t e s t  
t e c t o n i c  i n t e r e s t :  t h e  c o l l i s i o n  b e l t s  o f  t he  Himalayas and the  Andes, and 
r i f t  zones such a s  t h a t  i n  East Af r i ca .  Most o f  these areas cannot  be su r -  
veyed by any o t h e r  means. Understanding these major fo rma t iona l  p r o c e s s e s  i s  
e s s e n t i a l  t o  comprehending t h e  s t a t e  and e v o l u t i o n  of t h e  c o n t i n e n t s .  

The GRM w i l l  a l s o  c o n t r i b u t e  t o  unders tanding  of t h e  sub-oceanic s o l i d  
e a r t h .  It w i l l  g ive  g r e a t l y  improved coverage o f  b o t h  g r a v i t y  and magnet ic  
f i e l d s  a t  t h e  c o n t i n e n t a l  edges, which a r e  impor t an t  t o  ocean c r u s t  and l i t h o -  
s p h e r e  e v o l u t i o n ,  and of t h e  magnet ic  f i e l d  i n  the sou the rn  hemisphere and 
p o l a r  r e g i o n s .  

GRM w i l l  g i v e  profound i n s i g h t  i n t o  t h e  deep  inter ior  o f  t h e  Ea r th .  The 
g r a v i t y  f i e l d  w i l l  e l u c i d a t e  t h e  p a t t e r n  and e n e r g e t i c s  of t h e  thermal  con- 
v e c t i o n  i n  t h e  mant le  which d r i v e s  t h e  p l a t e  mot ions .  The magnet ic  f i e l d  and 
i t s  temporal v a r i a t i o n  w i l l  c o n s t r a i n  models o f  t h e  geodynamo i n  the  f l u i d  
o u t e r  c o r e .  

The GRM i s  essent ia l  to the f u l l  u t i l i z a t i o n  o f  t h e  n e x t  g e n e r a t i o n  of 
a l t imetr ic  s a t e l l i t e ,  t h e  TOPEX, by p rov id ing  t h e  geoid to which sea s u r f a c e  
h e i g h t s  a r e  referred for s t u d i e s  o f  o c e a n i c  c i r c u l a t i o n .  

F u r t h e r  a p p l i c a t i o n s  o f  t h e  GRM a r e :  ( 1 )  s t u d y  of t h e  lower thermosphere 
( t a k i n g  advantage  o f  i t s  160-km a l t i t u d e ) :  (2) s t u d y  o f  e x t e r n a l l y  gene ra t ed  
v a r i a t i o n s  of t h e  magnet ic  f i e l d ;  ( 3 )  s t u d y  o f  upper man t l e  c o n d u c t i v i t y ;  ( 4 )  
improvement o f  o r b i t  computat ion accuracy;  and (5 )  improvement o f  r e f e r e n c e  
frames f o r  geodesy.  

The main temporal c o n s t r a i n t  on GRM i s  the  d e s i r a b i l i t y  o f  a launch  w e l l  
b e f o r e  t h e  n e x t  s o l a r  maximum in  1991 i n  order t o  obtain longe r  o r b i t a l  l i f e -  
time, g r e a t e r  accu racy  for t h e  in t e rna l ly -gene ra t ed  magnet ic  f i e l d  * and con- 
t r a s t  of c o n d i t i o n s  w i t h  t h o s e  p r e v a i l i n g  f o r  MAGSAT i n  1980. The 1988 l e v e l  
of s o l a r  a c t i v i t y  w i l l  n o t  be regained u n t i l  1994. No miss ion  s i m i l a r  t o  GRM 
i s  b e i n g  cons ide red  by any o t h e r  count ry .  

The Geopo ten t i a l  Research Mission w i l l ,  l i k e  t h e  Venus Radar Mapper 
(VRM) , c o n t r i b u t e  i m p o r t a n t l y  t o  the  ongoing compara t ive  s t u d y  of t he  terres- 
t r i a l  p l a n e t s .  
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INTROW CTION 

The Geopotent ia l  Research Mission ( G R M )  w i l l  measure t h e  g r a v i t y  and mag- 
n e t i c  f i e l d s  of t h e  Ear th  a t  an a l t i t u d e  of  160 km. The m i n i m u m  l i f e t i m e  o f  
t h e  miss ion  w i l l  be s i x  months, which w i l l  g i v e  an ave rage  spac ing  between 
o r b i t s  a t  t he  equa to r  o f  about  7 km. The DISCOS System w i l l  make t h e  o r b i t s  
d rag - f r ee .  The p e r t u r b a t i o n s  o f  t h e  g r a v i t y  f i e l d  w i l l  be  i n f e r r e d  from range-  
r a t e s  between t h e  s a t e l l i t e s ,  wh i l e  t h e  s c a l a r  and v e c t o r  magnet ic  f i e l d  w i l l  
be measured by s t a n d a r d  magnetometers .  The s p a c e c r a f t  o r i e n t a t i o n  w i l l  be 
measured by s t a r  cameras .  The a n t i c i p a t e d  a c c u r a c i e s  and r e s o l u t i o n s  a r e :  
f o r  t h e  g r a v i t y  f i e l d :  2 m i l l i g a l  (2x10-5 m/sec2) and 100 km: and f o r  t h e  mag- 
ne t i c  f i e l d :  2 n a n o t e s l a  and 100 km (Goddard Space F l i g h t  Cen te r ,  1982) .  

The main documentat ion of t h e  sc ien t i f ic  r a t i o n a l e  o f  t h e  GRM i s  t h e  / 

Space Sc ience  Board (SSB) r e p o r t  " A  S t r a t e g y  f o r  Ea r th  Sc ience  from Space i n  
t h e  1980 ' s ;  Pa r t  I: S o l i d  Ea r th  and Oceans" (Committee on Ea r th  S c i e n c e s ,  
1982).  That r e p o r t  summarized t h e  s c i e n t i f i c  g o a l s  f o r  e a r t h  s c i e n c e  i n t o  
e l e v e n  c a t a g o r i e s .  Measurements by GRM would c o n t r i b u t e  s i g n i f i c a n t l y  t o  f o u r  
of t h e s e  goa l s :  111, Ocean Dynamics; V I I ,  P l a t e  Dynamics; X ,  I n t e r n a l  S t ruc -  
tu re  and Composition of t h e  E a r t h ;  and X I ,  Genera t ion  of  t h e  E a r t h ' s  magnet ic  
f i e l d .  Because o f  t h e  s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  e x i s t i n g  d a t a  base  and 
t h e  c o n t r i b u t i o n s  which space  t e c h n i q u e s  can make, t h e  SSB r e p o r t  was o r g a n i -  
zed i n t o  t h r e e  o b j e c t i v e  a r e a s .  The r a t i o n a l e  p re sen ted  h e r e  i s  c a s t  i n t o  a 
framework o f  o b j e c t i v e s  o f  which t h e  f i r s t  fou r  a r e  e s s e n t i a l l y  a r e o r g a n i z a -  
t i o n  o f  t h o s e  i n  t h e  SSB r e p o r t .  I n  a d d i t i o n ,  t h e  GRM w i l l  c o n t r i b u t e  t o  t h e  
aeronomy o f  t he  lower thermosphere ,  t h e  s t u d y  o f  t h e  e x t e r n a l  magnet ic  f i e l d ,  
o r b i t  computa t ion ,  and geodesy.  F i n a l l y ,  w e  d i s c u s s  how GRM should  be  c o o r d i -  
na t ed  wi th  o t h e r  space  m i s s i o n s  and r e l a t e d  s c i e n t i f i c  e f f o r t s  i n  t h e  coming 
decade .  The headings  a r e :  

I. 
11. 
111. 

I V  . 
V. 

V I .  

Dynamics and S t r u c t u r e  of t h e  C o n t i n e n t s .  
Dynamics and S t r u c t u r e  o f  t h e  Sub-Ocean Crus t  and L i t h o s p h e r e .  
The Deep I n t e r i o r .  

A .  The Mantle: Convection and t h e  G r a v i t a t i o n a l  F i e l d .  
8. The Core: Genera t ion  o f  t h e  Magnetic F i e l d .  

Ocean C i r c u l a t i o n .  
Other A p p l i c a t i o n s .  

A. Aeronomy. 
B. Ex te rna l  Magnetic F i e l d .  
C. O r b i t  Computation and Geodesy. 

Coordina t ion  of GRM wi th  o t h e r  Miss ions  and S t u d i e s .  
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I. Dynamics and S t r u c t u r e  of the C o n t i n e n t s  

The p r i n c i p a l  p l ann ing  docunent  f o r  s o l i d  e a r t h  dynamics is "Geodynamics 
i n  t h e  1980 sff (U. S. Geodynamics Committee , Nat iona l  Academy o f  Science , 1980) 
which s t a t e s  ( p .  1 5 ) ;  "Con t inen t s ,  c o n t i n e n t a l  e v o l u t i o n  and t e c t o n i c s  w i l l  be 
a p r i n c i p a l  focus  f o r  Geodynamics i n  t h e  1 9 8 0 ' ~ . ' ~  The p l a t e  t e c t o n i c  revolu-  
t i o n  had i t s  b i r t h  i n  t h e  ocean ,  and c o n s i d e r a b l e  p r o g r e s s  c o n t i n u e s  t o  be 
made i n  unde r s t and ing  t h e  s t ructure  and dynamics o f  t h e  sub-oceanic c r u s t  and 
l i t h o s p h e r e ,  b u t  it is  c e r t a i n l y  t h e  consensus  t h a t  t h e  most impor t an t  a r e a  
f o r  s t u d y  now i s  t h e  c o n t i n e n t s .  By "cont inents1 '  we mean n o t  o n l y  the c o n t i -  
n e n t a l  crust * b u t  a l s o  t h e  upper mant le  t o  a t  l e a s t  200 km d e p t h ,  since t h e r e  
appear  t o  be  p e r c e p t i b l e  v a r i a t i o n s  t o  such  d e p t h s ,  i n c l u d i n g  s y s t e m a t i c  d i f -  
ferences between sub-con t inen ta l  and sub-oceanic r e g i o n s .  

Both t h e  g r a v i t y  and t h e  magnetic measurements by GRM w i l l  contr ibute  
g r e a t l y  t o  the s t u d y  o f  t h e  c o n t i n e n t s ,  and bo th  i n  two s e n s e s :  ( 1 )  a s  quan- 
t i t a t i v e l y  i n t e r p r e t a b l e  m a n i f e s t a t i o n s  o f  s u b s u r f a c e  p h y s i c a l  c o n d i t i o n s ;  and 
(2 )  a s  e m p i r i c a l  i n d i c a t o r s  of  g e o l o g i c a l  v a r i a t i o n s .  Normally, sense ( 1  is 
t aken  a s  pr imary:  v a r i a t i o n s  i n  t h e  g r a v i t y  f i e l d  n e c e s s a r i l y  e n t a i l  v a r i a -  
t i o n s  i n  rock  d e n s i t i e s ,  whi le  s h o r t e r  wavelength v a r i a t i o n s  i n  t h e  magnet ic  
f i e l d  n e c e s s a r i l y  e n t a i l  v a r i a t i o n s  i n  t he  remanent o r  induced magne t i za t ion  
o f  rocks .  However , recent developments have emphasized sense (2)  a p p r e c i a b l y .  
F i g u r e s  1 and 2 o f  t h i s  r e p o r t  a r e  r e c e n t  c o m p i l a t i o n s  o f  t h e  g r a v i t y  and mag- 
ne t i c  d a t a  a v a i l a b l e  f o r  t h e  coterminous U n i t e d  S t a t e s ,  e x t r a p o l a t e d  t o  space-  
c r a f t  a l t i t u d e ,  which show the  c o r r e l a t i o n  o f  g r a v i t y  and magnet ic  f e a t u r e s  
wi th  g e o l o g i c  u n i t s .  

G r a v i t y  and magnet ic  data o f  s u f f i c i e n t  d e n s i t y  to compi le  s i m i l a r  maps 
a r e  a v a i l a b l e  f o r  most o f  Canada, Europe, and A u s t r a l i a ,  b u t  n o t  f o r  t h e  
remain ing  80% of the  E a r t h ' s  l and  a rea .  Some o f  t h i s  f o u r - f i f t h s  h a s  been 
measured,  b u t  t h e  d a t a  a r e  n o t  a v a i l a b l e  f o r  sc ien t i f ic  research. Unfortun- 
a t e l y ,  t h e  i n a d e q u a t e l y  mapped r eg ions  i n c l u d e  most o f  t he  h i g h l y  i n t e r e s t i n g  
t e c t o n i c  a r e a s  such a s  t h e  c o l l i s i o n  zones o f  t h e  Andes and t h e  Himalayas. 

The 1982 SSB Report ''A S t r a t e g y  f o r  Ea r th  Sciences from Space i n  t h e  
1 9 8 0 ' ~ ' ~  gave a s  a pr imary  s c i e n t i f i c  o b j e c t i v e  "To measure t h e  E a r t h ' s  g r a v i -  
t a t i o n a l  f i e l d  from g l o b a l  s c a l e s  to  wavelengths  o f  200 km o r  less ,"  and 
s t a t e d  t h a t  "de te rmina t ion  o f  an improved g r a v i t a t i o n a l  f i e l d  th rough  space  
measurement should  be an o b j e c t i v e  of highest priority ..." The reason  f o r  t h e  
emphasis  on d e t e r m i n a t i o n  ove r  a g r e a t  r ange  o f  wavelengths  is  p a r t l y  t h e  
g r e a t  v a r i e t y  o f  f e a t u r e s  t o  whose i n t e r p r e t a t i o n  g r a v i t y  can c o n t r i b u t e ;  on 
the  c o n t i n e n t s  , f e a t u r e s  such  a s  mountain r a n g e s ,  s ed imen ta ry  bas ins  , r i f ts  
and s h i e l d  a r e a s .  But  t h e  reason  i s  a l s o  t h a t  t h e  s u p p o r t  mechanisms a s s o c i -  
ated w i t h  a p a r t i c u l a r  s t r u c t u r e  can be inferred o n l y  i f  there is in fo rma t ion  
from a broad  s p e c t r a l  r ange .  Pass ive  s u p p o r t  o f  a t o p o g r a p h i c  f e a t u r e  i s  b y  a 
combina t ion  o f  two mechanisms: ( 1  l i t h o s p h e r i c  f l e x u r e  which depends  on t h e  
e l a s t i c  s t r e n g t h  o f  t h e  l i t h o s p h e r e ,  and (2) i s o s t a s y ,  which e n t a i l s  "compen- 
s a t i o n  *If a mass d e f i c i e n c y  a t  d e p t h  t o  match a mass e x c e s s  on t h e  s u r f a c e  , and 
v i ce -ve r sa .  With d a t a  a t  o n l y  one wavelength,  these mechanisms canno t  be  d i s -  
t i n g u i s h e d .  With d a t a  over  a broad spectrum f o r  a r e g i o n  r e a s o n a b l y  homoge- 
neous i n  m a t e r i a l  p r o p e r t i e s ,  s o l u t i o n s  can be found for p l a u s i b l e  combina- 
t i o n s  of  l i t h o s p h e r i c  flexure and i s o s t a s y .  I n  g e n e r a l  , c o n t i n e n t a l  f e a t u r e s  
of  l i m i t e d  extent  a r e  suppor ted  more by  t h e  f lexural  r i g i d i t y  o f  t he  l i t h o -  
sphere than  a r e  broad f e a t u r e s ,  while g e o l o g i c a l l y  o l d e r  f e a t u r e s  t end  t o  be 
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suppor ted  more by f l e x u r e  than  younger f e a t u r e s .  Over more r i g i d  a r e a s ,  t h e  
g r a v i t y  f i e l d  r e f l e c t s  r e l a t i v e l y  more upper man t l e  p r o p e r t i e s ;  ove r  more 
f l e x i b l e ,  c r u s t a l  p r o p e r t i e s .  

The response  p r o p e r t i e s  of f l e x u r a l  r i g i d i t y  and i s o s t a t i c  compensation 
a r e  o n l y  p a r t  o f  t he  p i c t u r e .  To c r e a t e  c o l l i s i o n a l  mountain r a n g e s ,  u p l i f t e d  
p l a t e a u s ,  s i n k i n g  b a s i n s  and o f f s e t  f a u l t s ,  d r i v i n g  f o r c e s  a r e  r e q u i r e d .  Nor- 
ma l ly  t h e s e  f o r c e s  a r e  genera ted  by mantle c o n v e c t i o n ,  d i scussed  i n  S e c t i o n  
I I 1 . A  below. But u s u a l l y  a r e l a t i v e l y  s imple  assumption can be  made abou t  t h e  
unde r ly ing  f o r c e s ,  based on p l a t e  tectonics o r  o t h e r  broad c o n s t r a i n t s ,  and 
t h e  problem becomes e s t i m a t i o n  o f  t h e  d e t a i l s  o f  r e sponse  o f  t h e  c o n t i n e n t a l  
c r u s t  and l i t h o s p h e r e .  Often t h e s e  d e t a i l s  depend on p a s t  h i s t o r y ;  t e c t o n i c  
phenomena tend  t o  occur  where p rev ious  events have c r e a t e d  an o b s t a c l e .  The 
most e v i d e n t  example i s  a subduct ion  zone, where o c e a n i c  l i t h o s p h e r e  i s  fo rced  
down because t h e  c o n t i n e n t  i s  more buoyant .  Because contemporary geodynamics 
i n t e r a c t s  so s t r o n g l y  wi th  g e o l o g i c  s t ructure  from t h e  p a s t ,  t h e  two s e n s e s  o f  
d a t a  u t i l i z a t i o n  given above tend t o  o v e r l a p .  

Emphasis has been given t o  t h e  wavelengths  o f  f e a t u r e s  i n  t h e  g r a v i t a -  
t i o n a l  f i e l d .  But t h e r e  must a l s o  be s i g n a l  above a measurable  t h r e s h o l d  i n  
o r d e r  f o r  geophysical  i n t e r p r e t a t i o n  t o  be made. T h i s  q u e s t i o n  was addressed  
b y  t h e  GRAVSAT Users Working Group, which i n  i t s  August 1980 r e p o r t  produced a 
t a b l e  i n c l u d i n g  the fo l lowing  c o n t i n e n t a l  f e a t u r e s :  

Fea tu re  Type 

Sed imen t a r  y Basin s 
B a t h o l i t h s  
Mountain Ranges 
Subduct ion Zones 
S h i e l d s  

Wavelength 
( k m )  

10-300 
20-300 

20-1 000 
50-1 000 

50-800 

Accuracy 
(mgal) 

3-6 
3 -6 

8-1 0 
10-12 

2-3 

These a c c u r a c i e s  a r e  wi th in  t h e  c a p a b i l i t y  of  GRM f o r  wavelengths  o f  
about  100 km o r  more. Consequently t h e  2-mgal GRM system should  o b t a i n  s i g n i -  
f i c a n t  s c i e n t i f i c  in format ion  concern ing  t h e s e  s t r u c t u r e s .  

The magnet ic  f i e l d  a t  wavelengths  l e s s  than  about 3000 km is g e n e r a l l y  
b e l i e v e d  t o  be  caused by s o u r c e s  wi th in  t h e  c rus t  and upper mant le .  However, 
t h e r e  are d i f f i c u l t i e s  i n  account ing  f o r  t h e  f i e l d  i n t e n s i t y  from t h e s e  s h a l -  
low s o u r c e s ,  because some of t h e s e  wavelengths  may come from t h e  c o r e ;  t h i s  i s  
d i s c u s s e d  i n  Sec t ion  1 I I . B  below. A more accurate su rvey ,  such  as  t h a t  by 
GRM, would h e l p  t o  resolve t h i s  d i f f e r e n c e .  

P h y s i c a l l y ,  the  magnet ic  anomaly f i e l d  is r e l a t e d  t o  t h e  g r a v i t y  f i e l d  i n  
t h a t  t h e  magnet ic  s u s c e p t i b i l i t y  i s  i n v e r s e l y  dependent  on t h e  t empera tu re ,  so 
t h a t  magnet ic  f i e l d  i n t e n s i t y  might be  expected t o  be  p o s i t i v e l y  c o r r e l a t e d  
wi th  t h e  i n t e n s i t y  o f  g r a v i t y  anomal ies .  In  a c t u a l i t y  t h i s  c o r r e l a t i o n  is 
mirked by a t h e r  compl i ca t ions .  The va lue  o f  t h e  s h o r t e r  wavelengths  of t h e  
magnet ic  f i e l d  thus  t e n d s  t o  be  t h e  e m p i r i c a l  one o f  h i g h l i g h t i n g  geo log ic  
s t ruc tu res  which o therwise  would be  obscured by t h e  e f fec ts  of e r o s i o n  and 
s e d i m e n t a t i o n ,  s u c h  a s  t h e  l a r g e  p o s i t i v e  anomaly i n  Kentucky and Tennessee 

I 
i 



( F i g u r e  Z), which marks t h e  s i t e  o f  a Precambrian r i f t .  I n  t e c t o n i c a l l y  
s t a b l e  a r e a s ,  such a s  s h i e l d s ,  g r a v i t y  anomal ies  have t h e  same p r o p e r t y .  If 
t h e  l i t h o s p h e r e  is co ld  and t h i c k  enough, i t  can suppor t  features of  a few 
tens  o f  k i l o m e t e r s  dimension almost  i n d e f i n i t e l y .  A p robab le  example is t h e  
mid-cont inent  geophys ica l  anomaly, t h e  f e a t u r e  i n  F igu re  1 ex tend ing  s e v e r a l  
hundred k i l o m e t e r s  s o u t h w e s t e r l y  from t h e  western end o f  Lake S u p e r i o r .  In  
younger c o n t i n e n t a l  c r u s t ,  magnet ic  anomalies  a r e  o f t e n  c o n t r o l l e d  by t h e  
t h i c k n e s s  o f  t h e  c r u s t a l  m a t e r i a l  which i s  below t h e  Curie  t empera tu re  o f  t h e  
magnet ic  m i n e r a l s ,  and t h e r e f o r e  r e f l e c t  t h e  p a t t e r n  o f  h e a t  flow. 

Rif ts ,  o r  f l f a i l e d f f  r i f t s  ( au lacogens )  , and t h e i r  a s s o c i a t e d  h o t  s p o t  
swel ls ,  a r e  of p a r t i c u l a r  i n t e r e s t ,  since t h e y  a r e  t h e  sites of i n t e n s e  vol -  
canism,  and o f  mineral accumula t ions  and petroleum d e p o s i t s .  A Precambrian 
r i f t  h a s  r e c e n t l y  been i d e n t i f i e d  c u t t i n g  a c r o s s  M i s s o u r i ,  from a combinat ion 
o f  g r a v i t y ,  magne t i c ,  and thermal  i n f r a r e d  imaging of t h e  Heat Capac i ty  Map- 
p ing  Mission (HCMM).  T h i s  a n c i e n t  r i f t ,  o f  p o s s i b l e  economic s i g n i f i c a n c e ,  i s  
n o t  e v i d e n t  i n  t h e  s u r f a c e  topography or  sed iments .  Other  r i f t s  i n  t h e  United 
S t a t e s  have been d iscovered  us ing  s u r f a c e  g rav ime t ry  and a e r i a l  magnetometry,  
and have been i n f e r r e d  on o t h e r  c o n t i n e n t s  from MAGSAT d a t a .  A combinat ion 
o f  t h e  g r a v i t y  f i e l d  and magnet ic  f i e l d  measurements by GRM would a l l o w  many 
more c o n t i n e n t a l  r i f t s  t o  be d i scove red ,  model led ,  and t h e i r  g e o l o g i c  evolu- 
t i o n  i n f e r r e d .  

Mountain r a n g e s  show impress ive  v a r i a t i o n s  i n  t h e i r  g r a v i t a t i o n a l  s igna-  
ture .  For example,  t h e  Alps and t h e  Appalachians c o r r e l a t e  w i th  b e l t s  of pos i -  
t i v e  and n e g a t i v e  g r a v i t y  anomal ies  wi th  wid ths  o f  a few t e n s  t o  a few 
hundreds  of k i l o m e t e r s  and ampl i tudes  up t o  100 m i l l i g a l s .  T h i s  nega t ive -  
p o s i t i v e  anomaly lVcouplev1 h a s  recently been i n t e r p r e t e d  i n  terms o f  t h e  mass 
l o a d s  t h a t  a c t  on t h e  l i t h o s p h e r e  du r ing  mountain b u i l d i n g ,  and t h e  f l e x u r a l  
p r o p e r t i e s  of  t h e  l i t h o s p h e r e .  The p o s i t i v e  anomal ies  appear  t o  arise from 
b u r i e d  l o a d s ,  such  a s  abducted  " f l a k e s t 1  o f  c rus t ,  which developed  on t h e  l ead -  
ing  edge of t h e  u n d e r t h r u s t  p l a t e  dur ing  t h e  mountain b u i l d i n g .  The n e g a t i v e  
anomal ies  seem e x p l i c a b l e  a s  r e s u l t i n g  from f l e x i n g  o f  t h e  l i t h o s p h e r e  i n  
r e sponse  t o  bo th  s u r f a c e  and sub-surface l o a d s ,  such  a s  f o l d - t h r u s t  s h e e t s .  
By comparing t h e  ampl i tude  and wavelength of t h e  observed  g r a v i t y  anomaly 
"couple"  t o  c a l c u l a t e d  p r o f i l e s  based on v a r i o u s  f l e x u r a l  models ,  it h a s  been 
p o s s i b l e  t o  estimate t h e  f l e x u r a l  r i g i d i t y  of c o n t i n e n t a l  l i t h o s p h e r e  under 
mountain r a n g e s ,  Thus, f o r  example,  t h e  Appalachians appear  t o  have an appre-  
c i a b l y  g r e a t e r  l i t h o s p h e r i c  s t r e n g t h  than t h e  younger A l p s .  These estimates 
o f  l i t h o s p h e r i c  s t r e n g t h  and i t s  r e l a t i o n s h i p  t o  t h e  age o f  t h e  and 
age  of  t h e  orogeny p rov ide  impor tan t  in format ion  on t h e  rheo logy  o f  t h e  l i t h o -  
s p h e r e .  Because mountain r a n g e s  a r e  o f  such l a r g e  d imens ions ,  GRM should 
e n a b l e  estimates of t h e  f l e x u r a l  p r o p e r t i e s  of t h e  c o n t i n e n t a l  l i t h o s p h e r e  i n  
t h e i r  v i c i n i t y .  

Sedimentary b a s i n s  a r e  s i g n i f i c a n t  a s  t h e  l o c a t i o n  of pe t ro leum and min- 
e r a l  d e p o s i t s .  The the rmotec ton ic  h i s t o r y  o f  a s ed imen ta ry  b a s i n  ( s u c h  a s  
t h o s e  o f  t h e  North Sea and Albe r t a )  i s  a complex in te rac t ion  o f  l o a d i n g ,  cool -  
i n g ,  and f l e x u r e .  G r a v i t y  measurements have  c o n t r i b u t e d  g r e a t l y  t o  under- 
s t a n d i n g  t h e  r o l e  o f  f l e x u r e  i n  t h e  evo lu t ion  o f  b a s i n s .  It a p p e a r s  f e a s i b l e  
f o r  GRM t o  r e s o l v e  s i g n i f i c a n t  f e a t u r e s  i n  r e l a t i v e l y  l a r g e  c o n t i n e n t a l  
b a s i n s ,  such  a s  t h e  Appalachian ,  t h e  North Sea ,  and t h e  Russ i an  P la t fo rm.  
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In  a d d i t i o n  t o  d e f i n i n g  t h e  r e g i o n a l  c o n t e x t  f o r  p o s s i b l e  e x p l o r a t i o n  
t a r g e t s ,  GRM would be o f  a p p r e c i a b l e  s e r v i c e  t o  mine ra l  e x p l o r a t i o n  by 
f u r n i s h i n g  a base f o r  merging s u r f a c e  magnet ic  and g r a v i t y  s u r v e y  in fo rma t ion  
over  l a r g e  a r e a s .  Its coterminous  g l o b a l  cove rage  would p rov ide  t h e  s y n o p t i c  
p a t t e r n s  t o  which d e t a i l e d  s t u d i e s  o f  l i m i t e d  a r e a s  cou ld  be  matched and i n t e -  
g r a t e d .  Th i s  would g r e a t l y  ease a major problem of  j o i n i n g  a d j a c e n t  s t u d i e s  
done b y  d i f f e r e n t  workers  on d i f f e r e n t  s c a l e s  w i t h  d i f f e r e n t  datum c o r r e c t i o n s  
and assumpt ions .  The GRM would a l s o  f u r n i s h  an o b j e c t i v e  measure of t h e  
r e g i o n a l  t r e n d s ,  which must be  s u b t r a c t e d  from s u r f a c e  su rveys  t o  i d e n t i f y  
t a r g e t  anomalies .  Provid ing  t h i s  common b a s e  would e l i m i n a t e  a c u r r e n t  sou rce  
o f  b i a s  i n  appl ied  geophys ica l  a n a l y s e s .  

The two da ta  s e t s  o f  g r a v i t a t i o n a l  and magnet ic  p o t e n t i a l ,  a f t e r  s u i t a b l e  
f i l t e r i n g ,  a r e  useful  f o r  i n f e r r i n g  t e c t o n i c  h i s t o r i e s  from p a s t  epochs ,  o f t e n  
hundreds  of m i l l i o n s  o f  y e a r s  o l d .  This  a p p l i c a t i o n  is p a r t i c u l a r l y  t r u e  f o r  
magnet ic  anomal ies ,  s i n c e  t h e y  a r e  n o t  a s  s u s c e p t i b l e  t o  o b l i t e r a t i o n  by i s o -  
s t a t i c  ad jus tmen t .  Thus, for example,  matching of  anomal ies  over  d i f f e r e n t  
c o n t i n e n t a l  a r e a s  now s e p a r a t e d  by young ocean b a s i n s  ( e . g . ,  South  America and 
Af r i ca )  can be of use i n  r e c o n s t r u c t i n g  p a s t  c o n t i n e n t a l  c o n f i g u r a t i o n s .  

The examples presented above a r e  o n l y  a few o f  t h e  c o n t i n e n t a l  t e c t o n i c  
problems t o  which g r a v i t y  and magnet ic  d a t a  app ly .  Desp i t e  t h e  boon o f  s a t e l -  
l i t e  a l t i m e t r y  over  t h e  o c e a n s ,  t h e  m a j o r i t y  o f  s t u d i e s  have cont inued  t o  be  
o f  c o n t i n e n t a l  problems ( a s  ev idenced ,  for example,  by  p a p e r s  i n  j o u r n a l s  such  
a s  t h e  Jou rna l  of  Geophysical Research). This p e r s i s t e n c e  o f  i n t e r e s t  i n  t he  
c o n t i n e n t s  i s  p a r t l y  because t h e r e  exis ts  o t h e r  a p p l i c a b l e  d a t a  ( g e o l o g i c a l ,  
s e i s m o l o g i c a l ,  e t c  .) , bu t  ma in ly  because most o f  t h e  i n t e r e s t i n g  impor tan t  
problems occur  t h e r e .  The c o n t r o l l e r s  o f  ocean ic  t e c t o n i c s  are the  subduct ion  
zones a s s o c i a t e d  wi th  g r e a t  compress ive  b e l t s ,  such  a s  t h e  Andes and t h e  Hima- 
l a y a s .  The v a r i e t y  o f  t e c t o n i c  phenomena on t h e  c o n t i n e n t s  i s  much g r e a t e r ,  
because  o f  t h e  v a r i e t y  o f  c i r cums tances  a r i s i n g  from t h e i r  t h r e e  b i l l i o n  year  
h i s t o r i e s .  V i r t u a l l y  a l l  economica l ly  usable  m i n e r a l  d e p o s i t s  occur  i n  i n t r a -  
c o n t i n e n t a l  and c o n t i n e n t a l  margin environments .  Because o f  t h i s  abundance o f  
t e c t o n i c  problems a s s o c i a t e d  w i t h  c o n t i n e n t s ,  there  is a l a r g e  community o f  
s c i e n t i s t s  who w i l l  welcome t h e  g rav ime t ry  and magnetometry which GRM would 
b r i n g  t o  t he  poor ly  surveyed  e i g h t y  p e r c e n t  of t h e  c o n t i n e n t s .  

GRM satellite-to-satellite range-rate is, at present, the only feasible 
means of obtaining accurate gravity measurements over a major part of the con- 
tinents for which data are unavailable, and which include the most important 
features. The increase in resolution in measurement of the magnetic field 
over that determined by MAGSAI is significant. Both of these measurements 
will enable the modelling of crustal and lithospheric structure and their evo- 
lution. 

11. Dynamics and Structure of the Sub4ceanic Crust and Lithosphere 

The ocean s u r f a c e  a l t i m e t r y  gene ra t ed  by t h e  GEOS-3 and SEASAT m i s s i o n s  
h a s  c o n t r i b u t e d  g r e a t l y  t o  our unde r s t and ing  o f  t h e  e v o l u t i o n  of t h e  ocean ic  
l i t h o s p h e r e  as  it moves away from t h e  r ises a t  which it is  g e n e r a t e d .  It i s  
a l s o  b e i n g  a p p l i e d  s u c c e s s f u l l y  t o  subduc t ion  zones  i n  r e g i o n s  of ocean-under- 
ocean l i t h o s p h e r e  subduc t ion ,  such  a s  t h e  Tonga Trench. As mentioned above,  
subduct ion  zones a r e  most i m p o r t a n t ,  since t h e y  p robab ly  c o n t r o l  t he  ocean ic  
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p l a t e  mot ions .  However, t h e  d a t a  a r e  incomple te  for ocean-under-cont inent  
subduct ion  ( s u c h  a s  t h e  Andes, o r  t h e  western ocean-under-marginal-basins  sub- 
d u c t i o n ,  where an e x t e n s i v e  i s l and  a r c  has  evolved ( such  a s  t h e  Indones ian  
Arch ipe lago) .  Another problem o f  t h e  o c e a n i c  marg ina l  zone which needs  bet ter  
u n d e r s t a n d i n g  is t h e  development of  back-arc b a s i n s  ( s u c h  a s  t h e  P h i l i p p i n e  
S e a ) ,  which i n  some c a s e s  may be  deve loping  i n t o  oceans  themselves .  

Aside from t h e  a fo redesc r ibed  problems o f  margina l  zones ,  t h e r e  a r e  sev- 
e r a l  problems o f  t e c t o n i c  under the open oceans  where s a t e l l i t e - t o - s a t e l l i t e  
r a n g e - r a t e ,  w i t h  i t s  d i f f e r e n t  s p e c t r a l  c h a r a c t e r i s t i c s ,  could  be a v a l u a b l e  
check  and supplement  of the  a l t i m e t r y .  The c o r r e c t  i n f e r e n c e s  a s  t o  l o a d i n g  
and d i f f e r e n t i a t i o n  h i s t o r i e s  and suppor t  mechanisms f o r  s ea  mounts,  ocean 
i s l a n d  v o l c a n i c  accumula t ions ,  aseismic r i d g e s ,  e t c . ,  o f t e n  depend on r a t h e r  
s u b t l e  d e t a i l s  i n  t h e  spec t rum,  which a re  missed because o f  e i t h e r  inadequate  
accu racy  o f  t h e  GEOS-3 d a t a  o r  inadequate  d e n s i t y  o f  t h e  SEASAT d a t a .  

Magnetic anomal ies  over  t h e  oceanic  c r u s t  were t h e  key which unlocked t h e  
p l a t e  t e c t o n i c  p a t t e r n .  Sea f l o o r  sp read ing  anomal ies  a r e  of t o o  s h o r t  wave- 
l e n g t h s  t o  be  sensed by GRM, b u t  there a r e  longe r  wavelength anomal ies  whose 
s o u r c e s  a r e  s t i l l  unknown. For example, MAGSAT d a t a  show a s i g n i f i c a n t  mag- 
n e t i c  anomaly a s s o c i a t e d  wi th  t h e  bend i n  t h e  Hawaiian-Emperor seamount c h a i n ,  
a s  well  a s  other l a r g e  anomalies  i n  t h e  western P a c i f i c .  But much of t h e  
o c e a n i c  c rus t  appea r s  t o  g i v e  only  sma l l  s i g n a l s  a t  MAGSAT a l t i t u d e s .  GRM 
would g r e a t l y  improve t h e  s igna l - to-noise  r a t i o  b y  measuring closer t o  t h e  
source. The minimum r e s o l u t i o n  l e n g t h  o f  100 km w i l l  a l l o w  t h e  anomal ies  pro- 
duced by  l i n e a r  ocean ic  f e a t u r e s  - s u c h  a s  a se i smic  r i d g e s ,  seamount c h a i n s ,  
and submarine p l a t e a u s  - t o  be  seen much more c l e a r l y  t h a n  a t  t h e  h ighe r  a l t i -  
t u d e  o f  MAGSAT. 

GRM's main c o n t r i b u t i o n  t o  unders tanding  o c e a n i c  e v o l u t i o n  and t e c t o n i c s  
w i l l  be th rough  its measurement of t h e  g r a v i t a t i o n a l  effects a t  subduc t ion  
zones, b u t  other problems, such  as f l e x u r e  across sea mount c h a i n s  and mag- 
n e t i c  p r o p e r t i e s  of the  o c e a n i c  c r u s t  and upper  mantle, can be s t u d i e d  as 
w e l l  - 

- 

111. The Deep I n t e r i o r  

A.  The Mantle:  Convect ion and t h e  G r a v i t y  F i e l d  

The problem o f  man t l e  convect ion i s  fundamental  to  unde r s t and ing  t h e  evo- 
l u t i o n  o f  t h e  Ea r th .  The o u t g a s s i n g  o f  t h e  oceans  and a tmosphere ,  t h e  d i f f e r -  
e n t i a t i o n  of t h e  c r u s t ,  vo lcanism,  and a l l  t e c t o n i c s  - c o n t i n e n t a l  complica- 
t i o n s  a s  well a s  ocean ic  p l a t e s  - are u l t i m a t e l y  dependent  on energy  s o u r c e s  
w i t h i n  (and p o s s i b l y  below) t h e  mant le ,  and upon t h e  t r a n s p o r t  of t h i s  energy  
i n  t h e  man t l e  by thermal  ( p l u s  some compos i t iona l )  buoyancy. The o c e a n i c  
c r u s t  and l i t h o s p h e r e  a r e  p a r t  of t h i s  convec t ion :  t h e y  a r e  i t s  uppermost 
boundary l a y e r ,  coming t o  t h e  s u r f a c e  a t  t h e  r ises  and r e t u r n i n g  t o  t h e  i n t e r -  
io r  a t  subduc t ion  zones.  Most oceanic  c r u s t ,  a s  well a s  i t s  a s s o c i a t e d  l i t h o -  
s p h e r e ,  must be r ecyc led  to  t h e  i n t e r i o r .  The c o n t i n e n t a l  c r u s t  and s i z e a b l e  
p i e c e s  of  sub -con t inen ta l  man t l e  ride on t o p  o f  t h e  c o n v e c t i v e  system. The 
v e l o c i t i e s  o f  t h e  system a r e  c e n t i m e t e r s  per  yea r :  t h e  h e a t  d e l i v e r y  i s  an 
ave rage  of  0.08 wat t s /meter* .  These v a l u e s ,  t o g e t h e r  wi th  t h e  thermal  and 
r h e o l o g i c a l  p r o p e r t i e s  o f  r o c k s ,  i n d i c a t e  t h a t  t h e  s y s t e m  could be much more 
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compl ica ted  than t h e  smoothest  f low n e c e s s a r y  for observed  p l a t e  mot ions .  
Phenomena such a s  changes  i n  the  p l a t e  t e c t o n i c  pattern e v e r y  10-20 m i l l i o n  
y e a r s  , long-term e p i s o d i c i t y  of  volcanism i n  t e c t o n i c a l l y  complex a r e a s  such 
a s  wes tern  North America, e x c e p t i o n a l l y  h i g h  h e a t  f l ow on t h e  c o n t i n e n t a l  s i d e  
of  subduc t ion  zones ,  and h igher  t han  pred ic ted  heat flow i n  ocean b a s i n s ,  a l l  
sugges t  t h a t  there a r e  secondary  s c a l e s  o f  m a n t l e  f low n o t  d i r e c t l y  connec ted  
t o  t h e  p r e c i s e l y  measured p l a t e  t e c t o n i c  p a t t e r n .  What i s  needed a r e  measure- 
ments which see through t h e  l i t h o s p h e r e  and i n t o  t h e  man t l e .  The g r a v i t a -  
t i o n a l  f i e l d  is such a measurement. However, g r a v i t y  i n  a s ense  sees t o o  
much: it i s  the i n t e g r a t i o n  o f  a t t r a c t i o n s  th roughou t  t h e  s o l i d  e a r t h .  Hence 
it is  e s s e n t i a l ,  f i r s t ,  t o  measure it over  as broad a spectrum a s  possible;  
and ,  s econd ,  t o  s t r i p  o f f  a s  much a s  can be p r o p e r l y  e x p l a i n e d  by topography 
and d e n s i t y  v a r i a t i o n s  i n  t h e  crust and l i t h o s p h e r e .  i 

The g r a v i t y  f i e l d  is a d i r ec t  c o n s t r a i n t  o n l y  on contemporary c o n v e c t i o n .  
The problems of g r e a t e s t  concern  a r e  mos t ly  dependent  on  long-term e v o l u t i o n .  
However * t he  c h a r a c t e r  o f  mant le  convec t ion  has d o u b t l e s s  evolved  s lowly  over  
the  l a s t  few b i l l i o n  y e a r s .  The energy  s o u r c e s  a r e  d e c l i n i n g  s lowly :  by a 
factor o f  about f i f t y  percent i n  the l a s t  t h r e e  b i l l i o n  y e a r s .  The most 
c r u c i a l  ques t ion  o f  these l a s t  three b i l l i o n  y e a r s  - t h e  e x t e n t  to  which 
man t l e  convec t ion  i s  s e p a r a t e d  i n t o  s e p a r a t e  upper and lower man t l e  sys t ems  - 
w i l l  p robably  be i n f e r r e d  l a r g e l y  from the effect of t h i s  s e p a r a t i o n  on mani- 
f e s t a t i o n s  o f  contemporary convec t ion  , such  a s  t h e  g r a v i t a t i o n a l  f i e l d .  

For e s s e n t i a l l y  t h e  fo rego ing  r e a s o n s ,  t h e  SSB 1982 r e p o r t  s t a t e d :  
"Determina t ion  o f  the  E a r t h ' s  g r a v i t y  f i e l d  over a wide r a n g e  of s p a t i a l  
s c a l e s  is o f  importance f o r  s o l i d  e a r t h  dynamics because  it i s  l i k e l y  t o  pro- 
v i d e  d i rec t  in fo rma t ion  o f  t h e  planform of man t l e  convec t ion  ... An improved 
g r a v i t a t i o n a l  f i e l d  th rough  space  measurement shou ld  be an o b j e c t i v e  o f  high-  
e s t  p r i o r i t y  f o r  t h e  1 9 8 0 ' ~ . ~ ~  

The t h e o r e t i c a l l y  p red ic t ed  complexi ty  of man t l e  c o n v e c t i o n ,  a s  well a s  
t h e  s t r o n g  tempera ture  dependence o f  r o c k  rheo logy ,  make it a d i f f i c u l t  prob- 
lem f o r  computa t iona l  model l ing .  P r o g r e s s  depends  on a r a p i d l y  deve lop ing  
d i a l o g u e  between the  f l u i d  d y n a m i c i s t s  and t h o s e  who g e n e r a t e  c o n s t r a i n t s  on 
the models ,  such a s  s e i s m o l o g i s t s ,  i s o t o p e  geochemis ts  , p e t r o l o g i s t s  , geolo-  
g i s t s  , and o t h e r s .  T h e o r e t i c a l  p r e d i c t i o n s  of t h e  g r a v i t y  s i g n a l  from forward 
models have been made s i n c e  the  mid-I96Ots, and a t t e m p t s  a t  app ly ing  g r a v i t y  
v a r i a t i o n s  a s  boundary v a l u e s  i n  i n v e r s e  models are under way. A t  t h e  p r e s e n t  
r a t e ,  there w i l l  e x i s t  by 1988 t h e  c a p a b i l i t y  o f  u s ing  g r a v i t y  v a r i a t i o n s  a s  
e f f e c t i v e  c o n s t r a i n t s  on man t l e  convec t ion  models  t o  t h e  same e x t e n t  a s  t h e y  
a r e  now be ing  used for l i t h o s p h e r i c  models. This c a p a b i l i t y  depends on 
improvements i n  computer c a p a c i t y  and knowledge o f  m a t e r i a l  p r o p e r t i e s  a t  h i g h  
pressure a s  well as f l u i d  dynamical i n s i g h t  (see the  U.S. Geodynamics C o m m i t -  
tee 1980 r e p o r t  p r e v i o u s l y  c i t e d ) .  Hence, by 1988, it i s  d e s i r a b l e  to have a 
more comple te  d a t a  set  t o  match these models ,  and t o  g e n e r a t e  improvements. 

B. The Core: Gene ra t ion  o f  t h e  Magnet ic  F i e l d .  

It h a s  long been known t h a t  t h e  E a r t h ' s  magnet ic  f i e l d  changes  r a t h e r  
r a p i d l y ,  such  t h a t  a t  any one p l a c e  these changes  can  be detected w i t h i n  a few 
months. The s e c u l a r  v a r i a t i o n  o f  t h e  E a r t h ' s  magnet ic  f i e l d  is one o f  t h e  few 
e v i d e n c e s  o f  t h e  geodynamo, t h e  mot ions  o f  m a t e r i a l  i n  t h e  l i q u i d  o u t e r  c o r e  
which ma in ta in  t h e  magnet ic  f i e l d .  Much has been done by  l o o k i n g  a t  r e c o r d s  
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I 

o b t a i n e d  from magnet ic  o b s e r v a t o r i e s ,  b u t  t h e  small number o f  o b s e r v a t o r i e s  
( l ess  t h a n  200) and t h e  v e r y  uneven d i s t r i b u t i o n  over  t h e  s u r f a c e  o f  t h e  Ea r th  
(most a r e  i n  Europe - t h e  South P a c i f i c ,  A f r i c a ,  and a l a r g e  p a r t  o f  Asia and 
A n t a r c t i c a  are  v i r t u a l l y  unsampled) means t h a t  it i s  imposs ib l e  t o  d e r i v e  a 
comple te  r e p r e s e n t a t i o n  of  t h e  t ime-varying f i e l d  Porn such d a t a .  S p h e r i c a l  
harmonic models  o f  t h e  E a r t h ' s  magnetic p o t e n t i a l  have been produced from time 
t o  t ime, s t a r t i n g  wi th  Gauss i n  1839. Magnetic obse rva to ry  d a t a  have been 
supplemented o c c a s i o n a l l y  by  r e p e a t  s t a t i o n s ,  s u r f a c e  s h i p  measurements ,  aero-  
magnet ic  d a t a ,  and s a t e l l i t e  d a t a  (main ly  from t h e  POGO s a t e l l i t e s ) .  But t h e  
pa t chy  n a t u r e  of t h e s e  d a t a ,  and the  f a c t  t h a t  t h e  POGO s a t e l l i t e s  measured 
o n l y  t o t a l  f i e l d  magnitude,  meant t h a t  t he  measurements o f  s c a l a r  and v e c t o r  
f i e l d  c o l l e c t e d  by MAGSAT produced a far  b e t t e r  p i c t u r e  o f  t h e  main magnet ic  
f i e l d  t h a t  had been a v a i l a b l e  p r i o r  t o  1980. 

In o r d e r  t o  de te rmine  t h e  n a t u r e  o f  t h e  t ime-varying changes of t h e  mag- 
n e t i c  f i e l d ,  it is  n e c e s s a r y  t o  ob ta in  a second a c c u r a t e  measurement o f  t h e  
f i e l d  a t  a l a t e r  epoch. This measurement i s  p r e c i s e l y  what GRM w i l l  a ch ieve .  
The time span between MAGSAT and GRM w i l l  be about n i n e  y e a r s ,  which i s  ade- 
q u a t e  f o r  v e r y  s i g n i f i c a n t  changes  i n  t h e  v a r i o u s  components t o  occur .  It was 
found t h a t  over  t he  7.5 month l i f e  span o f  MAGSAT, many o f  t h e  s p h e r i c a l  har- 
monic c o e f f i c i e n t s  of  t h e  p o t e n t i a l  r equ i r ed  t ime-varying terms i n  o r d e r  to 
model t h e  observed f i e l d  a c c u r a t e l y .  However, t h e  b a s e l i n e  o f  t h e s e  measure- 
ments  was n o t  l o n g  enough t o  a l low these  tiroe terms t o  be measured a c c u r a t e l y .  
But a b a s e l i n e  of n i n e  y e a r s  will provide  a l a r g e  enough change t h a t  an accu- 
r a t e  measurement o f  many of  t h e  changes w i l l  be accomplished.  Changes i n  the 
h i g h e r  degrees o f  s p h e r i c a l  harmonics .xi11 need even longe r  p e r i o d s  of time, 
and i n  any c a s e  t h e y  may not  change i n  a cohe ren t  manner. However, based on 
an a n a l y s i s  of p rev ious  a t t e m p t s  t o  measure s e c u l a r  v a r i a t i o n ,  it should be 
p o s s i b l e  to de te rmine  the  s e c u l a r  v a r i a t i o n  o f  s p h e r i c a l  harmonic components 
up t o  d e g r e e  12 (wavelength 3300 km) t o  an accu racy  o f  about  0.1 nT/yr u s i n g  a 
n i n e  year  b a s e l i n e .  This  will be a s i g n i f i c a n t  improvement over  p rev ious  
a t t e m p t s ,  which have u s u a l l y  been i n a c c u r a t e  beyond d e g r e e  8. 

Once a r e l i a b l e  model o f  s ecu la r  v a r i a t i o n s  i s  ob ta ined  a t  t h e  E a r t h ' s  
s u r f a c e ,  i t  can be  e x t r a p o l a t e d ,  a long  w i t h  t h e  f i e l d  i t s e l f ,  down to  the 
core-mantle  boundary. These two f i e l d s  can then be used t o  c o n s t r a i n  mot ions  
i n  t h e  f l u i d  core, which a r e  n o t  i n f e r r a b l e  from se i smolog ica l  or o t h e r  d a t a .  
This p a t t e r n  of motion i n  t h e  top boundary l a y e r  o f  t h e  core is of g r e a t  
i n t e r e s t  i n  u n r a v e l l i n g  t h e  n a t u r e  of t h e  dynamo, a s  well as  b e i n g  impor t an t  
t o  f o r e c a s t i n g  f u t u r e  magnet ic  f i e l d s .  

It should a lso be  p o s s i b l e  to  look a t  some of  t h e  higher-degree harmonics  
of t h e  p o t e n t i a l  t o  see whether any s i g n i f i c a n t  changes have taken  p l a c e  s i n c e  
MAGSAT. It i s  g e n e r a l l y  b e l i e v e d  ( s e e  S e c t i o n  1) t h a t  harmonics  h i g h e r  than  
d e g r e e  14 r e p r e s e n t  sources from within t h e  c r u s t .  However, i f  any of these 
harmonics  change wi th  time, t h i s  will be e x c e l l e n t  proof  t h a t  t h e y  have  
s o u r c e s  wi th in  t h e  core. Although most o f  t h e  t ime-varying changes i n  t h e  
h igher -degree  harmonics  will not be  c a p a b l e  o f  be ing  measured, due to  the 
r e s o l u t i o n  of t h e  method, some o f  Lhe changes  shotild be l a r g e r  than  a v e r a g e  
and t h u s  c a p a b l e  o f  be ing  d e t e c t e d ,  should  t h e y  e x i s t .  Thus a second v e r y  
a c c u r a t e  l o o k  a t  t h e  f i e l d  provided by GRM d a t a  w i l l  h e l p  s o l v e  t h i s  major 
problem conce rn ing  t h e  s o u r c e  o f  the  i n t e r m e d i a t e  wavelength components of t h e  
f i e l d .  
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Longer wavelength variat ions  in t h e  grav i ty  f i e l d  from GRM measurements 
w i l l  c o n s t i t u t e  strong cons tra in t s  on models of mantle convection.  The longer 
wavelengths i n  the  magnetic f i e l d  observed by GRM, with ,those from MAGSAT, 
w i l l  produce a very accurate representation of t h e  secular  var ia t ion ,  which 
w i l l  constrain  models of motion i n  t h e  f l u i d  core. 

N. Ocean Circulat ion 

The SSB s tudy  I1A S t r a t e g y  f o r  Ea r th  Science from Space i n  t h e  1980s," 
1981,  s t a t e s :  "The pr imary s c i en t i f i c  o b j e c t i v e s  f o r  t h e  s t u d y  o f  ocean dynam- 
i c s  from space  fo r  t he  n e x t  decade ,  i n  o r d e r  of p r i o r i t y ,  a r e :  

1 .  ( a )  To measure t h e  t ime-va r i ab le  sea - su r face  e l e v a t i o n  ; 
( b )  To measure t h e  t ime-independent  sea-sur face  e l e v a t i o n  

r e l a t i v e  t o  t h e  geo id . .  . I t  

The sea  s u r f a c e  d i f f e r s  from t h e  geoid because o f  c u r r e n t s ,  wind stress,  
s a l i n i t y ,  and tempera ture  v a r i a t i o n s .  These d e p a r t u r e s ,  c a l l e d  t h e  sea  s u r -  
f a c e  topography,  occur  over  a wide r ange  o f  l e n g t h  s c a l e s  from 30 krn t o  b a s i n -  
wids ,  and over  t ime s c a l e s  from days t o  e s s e n t i a l l y  c o n s t a n t .  P r e l i m i n a r y  
e s t i m a t e s  o f  t h i s  topography t o  about 50 cm accuracy  have a l r e a d y  been  made 
f o r  basin-wide v a r i a t i o n s  us ing  SEASAT a1 t i m e t r y  and an independent  s a t e l l i t e  
geo id .  The e r r o r s  o f  about  50 cm r e s i d e  main ly  i n  t h e  SEASAT o r b i t  and the  
g e o i d ,  and n e g l i g i b l y  i n  t h e  r a d a r  a l t i m e t r y  i t s e l f  , which probably  achieved  
i t s  des ign  accuracy  o f  10 cm. 

It is d e s i r a b l e  to  measure the  sea - su r face  topography t o  2 cm, t h e  d e s i g n  
goa l  of TOPEX, over  a s  wide a r ange  o f  l e n g t h  and time s c a l e s  a s  p o s s i b l e .  
Table  IV-1 l i s t s  t h e  geoid he igh t  a c c u r a c i e s  a c h i e v a b l e  for t h r e e  s p a t i a l  
ave rag ing  s i z e s ,  wh i l e  Table  IV-2 g i v e s  ocean ic  current s c a l e  s izes  and esti- 
n a t e s  of concomitant  geoid he igh t  a c c u r a c i e s  r e q u i r e d  t o  de t e rmine  t h e  cur- 
r e n t s  (TOPEX Working Group, 1981). 

TABLE IV-1 

Averaging S i z e  
( d e g r e e s )  

Sca le  a t  Equator 
(km) 

2 x 2  
1 x 1  

.5 x .5 

22 0 
110 
55 

Geoid He i g h t  Acc ur ac i e  s 
(cm) 

2 
4 

16 
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TABLE IV-2 

Region 

Transverse Sur face  Geo i d  Re qui  r emen t s 
Si ze Eleva t ion  Length Sca le  Height Sca le  
(km) (cm) (km) (em) 

Yes tern  Boundary 200 150 

Return from Western 2000 150 

A n t a r c t i c  Circum- 1000 100 

Equator i a  1 Cur r en t s 1000 35 

Currents 

Boundary Currents 

pol  a r  Current  

50 

50 

100 

100 

10 

10 

10 

3.5 

Basin-Wide C i r c u l a t i o n  2000 50 200 5 

Pacific-Wide El Nifio 5000 100 50 0 10 

I t  may be seen t h a t  c u r r e n t  s c a l e  s i z e s  o f  o r d e r  100 km ( h a l f  wavelength) 
r e q u i r e  geoid he igh t  e s t i m a t e s  of approximate ly  4 cm. Such a measurement 
y i e l d s  a s u r f a c e  geos t roph ic  c u r r e n t  e r r o r  of  4 cm/sec a t  m i d - l a t i t u d e s .  It 
should b e  noted t h a t  g e o i d a l  d e f i n i t i o n  t o  a f u l l  wavelength o f  200 km i m p l i e s  
a h o r i z o n t a l  r e s o l u t i o n  s c a l e  of 32 km, which i s  v e r y  c l o s e  t o  t h e  i n t e r n a l  
Rossby r a d i u s  o f  deformat ion  o f  approximate ly  30 km t h a t  c h a r a c t e r i z e s  most 
b a r o c l i n i c  ocean c u r r e n t s ,  T h u s ,  GRM can provide  a geoid whose d e f i n i t i o n s  on 
both h o r i z o n t a l  and v e r t i c a l  dimensions can i n  p r i n c i p l e  a l l o w  TOPEX o r  s i m i -  
l a r  a l t i m e t r i c  s a t e l l i t e s  t o  sepa ra t e  ocean ic  s e t u p  from geo ida l  u n d u l a t i o n s ,  
down t o  t h e  s m a l l e s t  s c a l e s  o f  i n t e r e s t .  

The r e l a t i o n s h i p s  between GRM and TOPEX a r e  f u r t h e r  d i scussed  i n  Sec t ion  
V I  below. The impact o f  measurements o f  bo th  t h e  mean and f l u c t u a t i n g  por- 
t i o n s  o f  ocean ic  s u r f a c e  e l e v a t i o n s  w i l l  be t o  a l low g r e a t l y  improved e s t i -  
mates of  g l o b a l  hea t  t r a n s p o r t  by t h e  ocean t o  be o b t a i n e d :  t h i s  t r a n s p o r t  i s  
thought  t o  c a r r y  toward t h e  p o l e s  o f  t h e  o r d e r  o f  one h a l f  ( o r  more) of t h e  
e x c e s s  s o l a r  energy depos i t ed  i n  the t r o p i c s .  Th i s  t r a n s p o r t  i s  an ex t remely :  
impor t an t  mechanism i n  e s t a b l i s h i n g  g l o b a l  c l i m a t e  and i t s  v a r i a b i l i t y .  Both 
t h e  mean current and i t s  f l u c t u a t i o n s  e n t e r  i n t o  t h e  t r a n s p o r t  p r o c e s s ,  t h e  
l a t t e r  th rough n o n l i n e a r  t u r b u l e n t  stresses; and while  t h e  energy  of  t h e  cur -  
r e n t  f l u c t u a t i o n s  i n  some p a r t s  of the  ocean s i g n i f i c a n t l y  exceeds  t h e  mean, 
t h e  net eddy t r a n s p o r t  o f  e i ther  f l u i d  o r  h e a t  b y  f l u c t u a t i n g  currents i s  
e s t i m a t e d  t o  b e  o f  t h e  same o r d e r  a s  t h e  mean. Thus  i t  i s  e s s e n t i a l  t o  d e t e r -  
m i n e  bo th  mean and v a r i a n c e  i f  world ocean c i r c u l a t i o n  i s  t o  be  unders tood .  

The GRM grav i ty  and geoid information are  e s s e n t i a l  for t h e  achievement 
of t h e  Space Science  Board o b j e c t i v e s  for g loba l  s e a  surface  e l e v a t i o n s  and 
attendant geostrophic  current measurement. 
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I 
A .  Aeronomy. 

Measurements by t h e  Dynamics Explorer  ( D E )  s p a c e c r a f t ,  combined wi th  
ground-based o b s e r v a t i o n s ,  a r e  d e f i n i n g  t h e  g l o b a l  c i r c u l a t i o n  and s t r u c t u r e  
i n  t h e  F-region,  about 300 km a l t i t u d e .  T h i s  c i rcu la t ion  is ene rg ized  by 
s o l a r  E U V  a t  low- and m i d - l a t i t u d e s ,  b u t  i s  s t r o n g l y  c o n t r o l l e d  b y  i o n  d r a g  a t  
h i g h  l a t i t u d e s .  Numerical models  o f  magnetospheric  convec t ion  which p r e d i c t  
t h i s  behav io r  a t  300 km a l t i t u d e  r e q u i r e  a r b i t r a r y  s o u r c e  p a r a m e t e r s ,  b u t  
g e n e r a l l y  p r e d i c t  much d i f f e r e n t  t empera tu re  and c i r c u l a t i o n  p a t t e r n s  i n  t h e  
lower thermosphere,  below 200 km a l t i t u d e .  Solar EUV and ion  d r a g  are less 
impor t an t  a t  t hese  lower e l e v a t i o n s ,  while  o t h e r  e f f ec t s ,  such  a s  d i s s i p a t i o n  
of  t i d e s  and waves and h e a t i n g  and c o o l i n g  by n i t r o g e n  o x i d e ,  are  r e l a t i v e l y  
more impor t an t .  The few measurements which have been made i n  t h e  lower thermo- 
s p h e r i c  r eg ion  i n d i c a t e  t h a t  enormous shears and extreme v e l o c i t i e s  a t  h igh  
l a t i t u d e s  can o c c u r ,  and these have impor tan t  i m p l i c a t i o n s  f o r  t h e  g l o b a l  
thermospher ic  c i r c u l a t i o n  and energy  budget .  

The SSB r e p o r t ,  I'Solar System Space Phys ic s  i n  t h e  1980's :  A Research 
Strategy ' !  (Committee on S o l a r - T e r r e s t r i a l  R e l a t i o n s h i p s ,  1980) , po in ted  ou t  
t h e  need f o r  a thermospher ic  dynamics s a t e l l i t e  t o  o p e r a t e  wi th  t h e  i n c o h e r e n t  
s c a t t e r  r a d a r  chain and t h e  o p t i c a l  Fabry-Perot network t o  d e r i v e  t h e  g l o b a l  
dynamic p r o p e r t i e s  o f  t h e  thermosphere.  Curren t  i n v e s t i g a t i o n s  shou ld ,  i n  t h e  
coming decade ,  improve unders tanding  of t h e  thermosphere as  a modulator  and 
r e d i s t r i b u t o r  of s o l a r  wind energy ,  mass,  and momentum in to  t h e  E a r t h ' s  upper 
a tmosphere.  However , i n - s i t u  o b s e r v a t i o n s  of the rmospher i c  dynamics a r e  b a d l y  
needed .  Measurements o f  winds and d e n s i t i e s  a t  t h e  l o w - a l t i t u d e  p o l a r  o r b i t  
of GRM a r e  an e x c i t i n g  o p p o r t u n i t y  t o  p rov ide  g l o b a l  s y n o p t i c  maps o f  t h e  
dynamics and s t r u c t u r e  o f  a r e g i o n  which i s  very  i m p o r t a n t ,  b u t  r e l a t i v e l y  
unprobed. 

B .  E x t e r n a l  Magnetic F i e l d .  

The e x t e r n a l  magnet ic  f i e l d  o f  the  Ea r th  a r i s e s  from a complex system of 
e l e c t r i c  currents f lowing in  t h e  magnetosphere and ionosphe re .  Of p a r t i c u l a r  
i n t e r e s t  a r e  t h e  currents which f low a long  magnet ic  f i e l d  l ines  i n t o  and out  
of t h e  polar  r eg ions .  A v e c t o r  magnetometer on a l o w - a l t i t u d e  s p a c e c r a f t ,  
such  a s  GRM, would make i t  p o s s i b l e  t o  s t u d y  t h e  d i r e c t i o n s  and i n t e n s i t i e s  of 
t h e s e  c u r r e n t s ,  and t h e i r  s p a t i a l  and temporal  v a r i a t i o n s .  A t  a h igher  a l t i -  
t u d e ,  MAGSAT was t h e  f i r s t  s a t e l l i t e  t o  measure t h e s e  c u r r e n t s  w i t h  a n e a r l y  
a b s o l u t e  s t anda rd .  This pe rmi t t ed  s t u d y  o f  t h e  r e l a t i o n s h i p  between f i e l d -  
a l i g n e d  c u r r e n t s  and a u r o r a l  e l e c t r o j e t  c u r r e n t s .  

Magnetic o b s e r v a t i o n s  by GRM a t  160 kilometers a l t i t u d e  would p rov ide  
h i g h e r - r e s o l u t i o n  s t u d i e s  o f  t h e  auroral  e l e c t r o j e t s  , because t h e y  would be 
t h e  c l o s e s t  o b s e r v a t i o n s  t o  these c u r r e n t s  ever made. 

S t u d i e s  of  t h e  ex terna l  magnet ic  f i e l d  are impor t an t  t o  s t u d y  of  t he  
E a r t h ' s  i n t e r i o r  i n  two ways. F i r s t ,  t h e  s t u d y  o f  t h e  i n t e r n a l l y  gene ra t ed  
f i e l d  depends on correct removal of t he  e x t e r n a l  f i e l d .  A t  p r e s e n t ,  d a t a  
taken  d u r i n g  p e r i o d s  o f  e x t e r n a l  f i e l d  d i s t u r b a n c e  are o f t e n  u s e l e s s  f o r  t h e  
s t u d y  o f  t h e  i n t e r n a l  f i e l d  g e n e r a t i o n .  Second, temporal changes i n  t h e  
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e x t e r n a l  f i e l d  e n a b l e  e s t i m a t e s  t o  be  made of  t h e  e l e c t r i c a l  c o n d u c t i v i t y  o f  
t h e  s o l i d  E a r t h ,  because  t h e y  i n d u c e  currents. The magnet ic  f i e l d  produced by 
t h e s e  induced c u r r e n t s  should be s t r o n g  enough a t  GRM a l t i t u d e s  t o  enab le  
d e t e r m i n a t i o n  of  r e g i o n a l  v a r i a t i o n s  i n  t h e  e l e c t r i c a l  c o n d u c t i v i t y  of t h e  
E a r t h .  These v a r i a t i o n s  i n  c o n d u c t i v i t y  i n  t u r n  i n d i c a t e  v a r i a t i o n s  i n  tem- 
p e r a t u r e .  

C.  O r b i t  Computat ions and Geodesy. 

These problems were addressed i n  t h e  NRC s t u d y  I lApplicat ions o f  a Dedi- 
c a t e d  G r a v i t a t i o n a l  S a t e l l i t e  Mission" (Panel  on Grav i ty  F ie ld  and Sea Leve l ,  
Committee on Geodesy, 1979).  A t  t h a t  t ime,  t h e  c r i t i c a l  needs were o f  two 
d i s t i n c t  t y p e s :  ( 1 )  a l t i m e t r i c  s a t e l l i t e s  such a s  GEOS-3 and SEASAT-1, and 
( 2 )  p o s i t i o n i n g  s a t e l l i t e s  such a s  LAGEOS, STARLETTE, and GPS. Both o f  t h e s e  
needs  p e r s i s t .  I n  r ega rd  t o  s a t e l l i t e  type  (11 ,  t h e  requi rement  i s  more 
severe than  ever,  i f  TOPEX i s  t o  be implemented, since t h e  a l t i m e t r i c  accu racy  
contempla ted  ( 4  c m )  is about what i s  e s t ima ted  f o r  one-degree mean geoid  
h e i g h t s  from s a t e l l i t e - t o - s a t e l l i t e  r ange - ra t e  by  t h e  Gravsa t  Users Working 
Group i n  i t s  r e p o r t  o f  August 1980. 

Geodesy r e q u i r e s  p r e c i s e  o r b i t s ,  a s  d i s c u s s e d  in  the  preceding  paragraph .  
An independent  des ide ra tum i s  the  a t t a i n m e n t  o f  a g l o b a l  datum f o r  h e i g h t  
measurements.  For obvious  p r a c t i c a l  a s  well a s  phys i ca l  r e a s o n s ,  v e r t i c a l  
l o c a t i o n s  w i t h i n  g e o d e t i c  sys tems should b e  r e f e r r e d  no t  t o  a r e f e r e n c e  e l l i p -  
so id  o r  t h e  E a r t h ' s  center ,  b u t  r a t h e r  t o  an e q u i p o t e n t i a l  surface. Normally 
t h i s  s p e c i f i c  e q u i p o t e n t i a l  s u r f a c e  is e s t i m a t e d  from t i d e  measurements.  
However, t h e  mean sea  level d i f f e r s  from an e q u i p o t e n t i a l  l eve l  by t e n s  of  
c e n t i m e t e r s ,  wh i l e  f o r  remote a r e a s  where c o n t r o l  f o r  mapping is by photo- 
gratnmetry, t h e  averaging  o u t  o f  t i d a l  o s c i l l a t i o n s  i n  t h e  photos  may n o t  be  
f e a s i b l e .  S a t e l l i t e  p o s i t i o n s  a n d  geoid  h e i g h t s  a c c u r a t e  t o  c e n t i m e t e r s  could  
u n i f y  v e r t i c a l  datums,  and e s t a b l i s h  them i n  remote a r e a s .  The d e t e r m i n a t i o n  
o f  an  a c c u r a t e  geoid from GRM da ta  w i l l  be impor t an t  t o  f u l l y  u t i l i z i n g  t h e  
Global  P o s i t i o n i n g  System (GPS) t o  de t e rmine  l o c a t i o n s ,  since h e i g h t s  above 
t h e  geoid  a r e  wanted. 

GRM will provide significant information to aeronomers, complementary to 
that from the Dynamics Explorer, because of its low altitude. External mag- 
netic fields will be better defined. and useful information about Earth con- 
ductivity will be obtained from the -timevarying induced currents. The accu- 
rate gravity field generated by GRH will lead to more accurate satellite 
orbits and a more precise geoid, of value to geodesy as well as to oceano- 
graphy * 

VI. Coordination of GRH with Other Missions and Studies 

The most impor t an t  time c o n s t r a i n t  on GRM i s  t h e  s o l a r  c y c l e .  The n e x t  
s o l a r  maximum i s  expec ted  to  be i n  1991. In 1988, t h e  ave rage  s o l a r  a c t i v i t y  
w i l l  be o n l y  about  one- th i rd  a s  s t r o n g  as  t h e  ave rage  d u r i n g  t h e  maximum of 
1991. Fur thermore ,  since t h e  i n c r e a a s e  i n  solar a c t i v i t y  i s  much more r a p i d  
than t h e  d e c r e a s e ,  i t  would be necessa ry  to  wait u n t i l  about  1995 for a com- 
p a r a b l y  low l e v e l .  It i s  p a r t i c u l a r l y  d e s i r a b l e  to o r b i t  GRM d u r i n g  a s o l a r  
q u i e t  time because MAGSAT was flown d u r i n g  a time of h igh  solar a c t i v i t y  i n  
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1980; f o r  a s i g n i f i c a n t  f r a c t i o n  of i t s  l i f e t ime ,  t h e  e x t e r n a l  f i e l d  d i s t u r -  
bances were so l a r g e  a s  t o  make t h e  d a t a  c o l l e c t e d  of l i m i t e d  use i n  d e f i n i n g  
t h e  i n t e r n a l  f i e l d .  T h u s  a GRM mis s ion  launched i n  l a t e  1988 would c o n s t i t u t e  
a very  good compromise between t h e  b a s e l i n e  time l e n g t h  from MAGSAT f o r  secu- 
l a r  v a r i a t i o n  s t u d i e s ,  and a low s o l a r  a c t i v i t y  t o  g e t  good s igna l - to -no i se  
r a t i o .  I t  would a l s o  be a good i n t e r v a l  be fo re  t h e  Magnetic Monitor ing 
Mission proposed for  the l g g O 1 s .  Fur thermore ,  i f  GRM i s  postponed t o  1995, 
t h e  15-year t ime i n t e r v a l  a f t e r  MAGSAT w i l l  l o s e  some h igher - f requency  v a r i a -  
t i o n  i n  t h e  s e c u l a r  v a r i a t i o n .  

The i n d i r e c t  n a t u r e  of i n f e r e n c e s  from t h e  g r a v i t y  and magnetic f i e l d s  
makes i t  e s s e n t i a l  t h a t  t hey  be used i n  con junc t ion  w i t h  o t h e r  d a t a .  By f a r  
t he  most impor tan t  d a t a  type is topography:  f i r s t ,  t h e  e l e v a t i o n s ,  t o  ca l cu -  
l a t e  t he  a t t r a c t i n g  e f f e c t  o f  t h e  topography: second,  imagery,  t o  provide  the  
v i s i b l e  c o n t e x t  of t h e  g rav ime t ry  and magnetometry. The e l e v a t i o n s  r e q u i r e d  
m u s t  be  a c c u r a t e  t o  a few meters f o r  a r e a  means comparable t o  t h e  r e s o l u t i o n  
of t h e  grav imet ry .  I n  many a r e a s  of i n t e r e s t ,  such a s  t h e  Sov ie t  and Indian 
p a r t s  o f  t h e  Alpide B e l t ,  t h i s  accuracy  can be s a t i s f i e d  b y  e x i s t i n g  maps. I n  
o t h e r s  t h e  requirement  can be  met by  sys tems o f  moderate accu racy ,  such a s  t h e  
CEOS-3 and GEOSAT alt imeters,  o r  t h e  Large Format Camera (LFC) , scheduled t o  
be flown on t h e  Space S h u t t l e  i n  August 1984. The imagery of  r e l a t i v e l y  
undeveloped a r e a s ,  which i s  t h e  foremost a p p l i c a t i o n  o f  GRM, i s  b e s t  ob ta ined  
by r ada r  sys tems,  s i n c e  many of  t h e s e  a r e  covered by  v e g e t a t i o n  ( e . g . ,  t h e  
Amazon B a s i n ) .  Furthermore,  i n  a r e a s  not so cove red ,  i t  i s  d e s i r a b l e  t o  i n f e r  
s u b s u r f a c e  f e a t u r e s ,  such a s  t h e  r e l i c s  of  v a l l e y s  i n  t he  e a s t e r n  Sahara found 
by SIR-A. The obvious t o o l  is S h u t t l e  Imaging Radar B (SIR-B), scheduled f o r  
t he  Space S h u t t l e  i n  August 1984. SIR-B and GRM w i l l  make a n a t u r a l  c o u p l e ,  
and t h e  two d a t a  t y p e s  i n  combinat ion should c o n s t i t u t e  a s i g n i f i c a n t  advance 
i n  comprehensive examination of  major t e c t o n i c  a r e a s  such  a s  t h e  Hundu Kush - 
ramir - Himalaya - Tibe tan  P l a t e a u  Complex or t h e  Andean c h a i n ,  which a r e  so 
impor tan t  t o  t h e  g loba l  t e c t o n i c  p i c t u r e  bu t  so i n a c c e s s i b l e  t o  o r d i n a r y  means 
n 

Y 

of  survey .  

While e x i s t i n g  da ta  p l u s  LFC, SIR-8, e t c . ,  w i l l  complement t h e  h ighes t -  
p r i o r i t y  o b j e c t i v e s  o f  GRM - t he  dynamics and s t r u c t u r e  of  t h e  c o n t i n e n t s  - 
t h e  s t u d y  o f  t h e  suboceanic crust and l i t h o s p h e r e  w i l l  con t inue  t o  be l i m i t e d  
b y  t h e  s p a r s e n e s s  of bathymetry i n  many a r e a s .  This s i t u a t i o n  w i l l  improve 
w i t h  t ime .  However, t h e  s t r o n g e s t  d r i v e r  f o r  t h i s  a p p l i c a t i o n  of GRM i s  t o  
complete  t h e  d a t a  f o r  land-covered p a r t s  o f  subduct ion  zones.  

For t h e  deep a p p l i c a t i o n s  of GRM desc r ibed  i n  Sec t ion  I11 (Mantle  Con- 
vec t ion  and Core Geodynamo) t h e  pacer is t h e  development of  t h e o r e t i c a l  
i n s i g h t  and computat ional  models.  As d i scussed  above , mant le  convec t ion  
model l ing  should be a b l e  t o  use d e t a i l e d  g r a v i t a t i o n a l  f i e l d s  wi th in  a h a l f  
d r  d e ,  w h i l e  hydromagnetic t h e o r i s t s  a r e  a l r e a d y  anx ious  f o r  b e t t e r  d a t a  on 
s e c u l a r  change i n  the magnetic f i e l d ,  f o r  which a GRM n i n e  y e a r s  a f t e r  MAGSAT 
would be i d e a l .  

The a p p l i c a t i o n  o f  GRM d a t a  t o  ocean c i r c u l a t i o n  depends ,  o f  c o u r s e ,  on 
an a c c u r a t e  alt imet>ric s a t - e l l i t e ,  f e r  which r o l e  T O P E X  is proposed. Ob jec t ive  
l ( a >  of Sec t ion  I V ,  t h e  t ime-varying f i e l d ,  can be p a r t i a l l y  achieved t o  an 
e s t ima ted  accuracy  of  1 4  cm us ing  p r e c i s e l y  r e p e a t i n g  t r a c k s  of  t h e  TOPEX 
o r b i t  i n  an i n c l i n a t i o n  designed to avoid t i d a l  e f f e c t s .  A t  p r e s e n t ,  a repe-  
t i t i o n  i n t e r v a l  o f  t e n  days  and an i n c l i n a t i o n  of  64 d e g r e e s  a r e  planned.  The 
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1 4  cm e r r o r  a r i s e s  a lmost  e n t i r e l y  from the  r a d i a l  component o f  t h e  s a t e l l i t e  
p o s i t i o n ,  T h i s  e s t i m a t e  assumes i n t e n s i v e  t r a c k i n g  by  t h e  TRANET Doppler ne t -  
work and o r b i t  computat ion using t h e  b e s t  a v a i l a b l e  g r a v i t y  d a t a  ( J P L  S tudy  
Team, 1982) .  However, t h e  balance o f  o b j e c t i v e  l ( a >  and o b j e c t i v e  l ( b ) ,  t h e  
t i m e - i n v a r i a n t  f i e l d ,  cannot  be  a t t a i n e d  t o  b e t t e r  t han  t h e  e x i s t i n g  50 cm 
accuracy  wi thou t  a g r e a t l y  improved g r a v i t y  f i e l d ,  which GRM would p rov ide .  
T h i s  g r a v i t y  f i e l d  would c o n t r i b u t e  i n  a t  l e a s t  two ways: (1)  b y  f u r n i s h i n g  a 
more a c c u r a t e  g e o i d ,  and (2) by enab l ing  computat ion o f  more p r e c i s e  o r b i t s  
f o r  TOPEX (TOPEX S c i e n c e  Working Group, 1981). Other ways i n  which GRM may 
c o n t r i b u t e  t o  t h e  TOPEX mis s ion  are:  (3) by e n a b l i n g  more e f f e c t i v e  deployment 
of s u r f a c e  s h i p  measurements complementary t o  t h e  TOPEX a l t i m e t r y ,  and ( 4 )  by 
f r e e i n g  TOPEX from restr ic t ion to t h e  p r e c i s e l y  r e p e a t i n g  ground t r a c k .  
Improvement ( 3 )  would come through use o f  t h e  GRM g r a v i t y  f i e l d  for t h e  o r b i t  
and geoid wi th  Seasat a l t i m e t r y ,  f u r n i s h i n g  sea  s u r f a c e  topography good t o  
about  10 cm, which would enab le  more careful  p lanning  o f  t h e  s u r f a c e  s h i p  
placement .  C o n t r i b u t i o n s  (11 ,  t h e  g e o i d ,  and (2). t h e  o r b i t ,  could  e v e n t u a l l y  
be  r e a l i z e d  by l aunch ing  GRM subsequent  t o  TOPEX. The improved o r b i t  accu- 
r a c y ,  ( 2 ) .  could  be p a r t i a l l y  achieved through use o f  t h e  Series-X/Global 
P o s i t i o n i n g  System, which i s  c u r r e n t l y  under development .  However, c o n t r i b u -  
t i o n  (31,  s h i p  deployment p lanning ,  cou ld  n o t  be  a t t a i n e d  wi thout  GRM p r i o r  t o  
TOPEX, wh i l e  c o n t r i b u t i o n  ( 4 )  w i t h  TOPEX p r i o r  t o  GRM would r e q u i r e  an a s su r -  
ance d i f f i c u l t  t o  imagine.  

A s  d i s c u s s e d  i n  Section V.B, t h e  low a l t i t u d e  o f  GRM would make it o f  
g r e a t  b e n e f i t  t o  aeronomy, provid ing  measurements complementary t o  those  o f  
t h e  Dynamic Explorer  s p a c e c r a f t  a t  300 km, and g r e a t l y  a s s i s t i n g  an ongoing 
t h e o r e t i c a l  and o b s e r v a t i o n a l  e f f o r t  i n  upper a tmosphere  c i r c u l a t i o n .  

A f i n a l  v i r t u e  o f  GRM which should be mentioned is t h a t ,  t o  t h e  knowledge 
o f  t h i s  working group,  i t  i s  unique: no o t h e r  s a t e l l i t e - t o - s a t e l l i t e  range- 
r a t e  system is under c o n s i d e r a t i o n ,  e i t h e r  i n  t h e  Department o f  Defense o r  
o v e r s e a s .  For t h e  g r a v i t a t i o n a l  p a r t  o f  t h e  m i s s i o n ,  t h e  p r i n c i p a l  system 
under development i s  t h e  c ryogenic  g r a v i t y  g rad iomete r .  However, t h e  g rad io -  
meter is s t i l l  a t  an e a r l y  s t a g e  o f  l a b o r a t o r y  development .  It i s  n o t  known 
whether c e r t a i n  fundamental  d i f f i c u l t i e s  will be overcome, a n d ,  a t  b e s t ,  t h e  
g rad iomete r  would no t  be  r eady  f o r  space  f l i g h t  u n t i l  well i n t o  t h e  1990 ' s .  

VII. Concluding Remarks 

GRM w i l l  be c a p a b l e  o f  measuring t h e  g r a v i t y  and magnet ic  f i e l d  o f  t h e  
E a r t h  from t h e  l o n g e s t  wavelengths  down to a h a l f  wavelength o f  about 100 km. 
G R M ' s  s e n s i t i v i t y  t o  an extended spectrum should e n a b l e  a l a r g e  v a r i e t y  o f  
c r u s t a l  problems t o  be  s t u d i e d .  The g r a v i t y  and magnet ic  r e s p o n s e  o f  m o u n t a i n  
r a n g e s ,  s ed imen ta ry  b a s i n s ,  r i f t s ,  and o t h e r  s t r u c t u r e s  w i l l  be measured. 
These measurements can then be  used t o  model t h e s e  f e a t u r e s  and c o n s t r a i n  
t h e i r  t e c t o n i c  h i s t o r y .  

The longe r  wavelengths  o f  t h e  g r a v i t y  f i e l d  w i l l  be v a l u a b l e  f o r  model- 
l i n g  t h e  convec t ion  which o c c u r s  wi th in  t h e  mantle.  The long-wavelength 
spectrum of t h e  magnet ic  f i e l d  W i l l  allow an a c c u r a t e  model of t h e  core f i e l d  
t o  b e  produced. Comparison o f  t h i s  model wi th  t h a t  produced by MAGSAT n i n e  
y e a r s  e a r l i e r  w i l l  g i v e  t h e  b e s t  i n f o r m a t i o n  ever  a v a i l a b l e  on t h e  secular 
v a r i a t i o n  o f  t h e  magnet ic  f i e l d .  
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The g r a v i t y  da ta  over  t h e  oceans  w i l l  p rov ide  a g r a v i t a t i o n a l  g e o i d ,  t o  
which sea  s u r f a c e  he igh t s  measured by TOPEX can b e  r e f e r r e d .  These h e i g h t s  
w i l l  g i v e  informat ion  on t h e  t ime-independent  o c e a n i c  c i r c u l a t i o n .  The 
p a t t e r n  o f  e x t e r n a l  magnetic f i e l d s  and in fo rma t ion  on t h e  c i r c u l a t i o n  p a t t e r n  
i n  t h e  lower thermosphere w i l l  a l s o  be  measured by GRM. The more accurate 
measurement o f  t h e  g r a v i t y  f i e l d  by GRM w i l l  enab le  s i g n i f i c a n t l y  more accu- 
r a t e  c a l c u l a t i o n s  o f  o r b i t  parameters  o f  o t h e r  s a t e l l i t e s ,  i n c l u d i n g  TOPEX. A 
l aunch  o f  GRM i n  1988 would be t i m e l y  from s e v e r a l  p o i n t s  o f  view. F i r s t ,  i t  
W i l l  be long  enough a f t e r  MAGSAT t o  a l l o w  v e r y  a c c u r a t e  measurements o f  t h e  
s e c u l a r  v a r i a t i o n  of t h e  E a r t h ' s  magnet ic  f i e l d  to b e  made, wi thout  g e t t i n g  
i n t o  a time o f  h igh  s o l a r  a c t i v i t y ,  which t e n d s  t o  produce l a r g e r  e x t e r n a l  
f i e l d s  and t h e r e f o r e  poorer  in format ion  about  t h e  i n t e r n a l  f i e l d  o f  t h e  E a r t h .  
Second, i f  flown b e f o r e  TOPEX, GRM w i l l  improve p lanning  f o r  TOPEX, and a l l o w  
c a l c u l a t o n s  on t h e  time-independent ocean ic  c i r c u l a t i o n  t o  b e  commenced immed- 
i a t e l y  a f t e r  TOPEX is l aunched .  Th i rd ,  there a r e  a number o f  o t h e r  develop-  
ments i n  the v a r i o u s  f i e l d s  o f  geophys ics  r e l e v a n t  to  t h e  GRM which a rgue  f o r  
a l aunch  i n  1988, a s  o u t l i n e d  i n  Sec t ion  V I  o f  t h i s  r e p o r t .  
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